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An Apparatus for the Determination of Vapor 
Pressures, by the Dynamic Method. 
It has been generally conceded that the dynamic, 
or' 'air bubbling'' , methods for determining vapor 
pressures of liquids offer considerable promise, but 
owing to the more or less cumbersome and complicated 
apparatus required by such processes, these methods have 
1 
not been utilized save in a few instances . Regnault 
in 1845 was the first to use the dynamic method. His 
proceedure consisted in passing a known volume of air 
over a moist sponge and through moist milk screens , and 
weighing the water vaporized, thus obtaining values for 
the vapor pressure of water which agreed very closely 
with results obtained by static methods . This method 
of Regnaults was subsequently used with various 
modifications and with varying degrees of success by 
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l • s Tamman, Ostwald and Walk r, Will and Bredig , 
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Linebarger, Orndoff and Carrell, erman, Carveth and 
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Fowler, Kahlenberg, Earl of Berkeley and Hartley, 
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Lincoln and Klein, and Krauskopf. Linebarger used 
a saturator of five Liebig bulbs through which a known 
volume of air was foroed. The vapors were chemically 
analyzed and the partial pressures of a variety of 
mixtures of miscible liquids thereby determined. Perman 
used a Liebig bulb with four large compartments and 
obtained some very satisfactory results. Kahlenberg 
devised a saturator consisting of a large glass veasel 
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partly filled with the liquid and shaken laterally in a 
. thermostat, air being drawn through by a large aspirator. 
Thie devise was used successfully by Lincoln and Klein 
and by Krauskopf. In connection with some work being 
done in this laboratory it became necessary to determine 
the vapor composition and partial pressures of alcohol 
and water mixtures and with this end in view an apparatus 
embodying several new features, was designed; and its 
description together with proofs of its efficiency as 
determined by measurement of the vapor pressure of water 
at 25, 0 is herwwith presented. 
The apparatus in its final form is shown in 
outline in Fig. I. With the exception of the drying towers 
and the aspirating bulbs, the whole apparatus ie placed in 
a large electrically heated and regulated water thermostat, 
(100 gallons), constan~ in which the temperature could be 
~ 
m intained within a few thousandths of a degree. The two 
~ 
drying and purifying towers are filled (R) wit~ soda lime 
and (T) wit~ pieces of pumice stone rolled in phosphorus 
pentoxide. These are connected with the saturator, Fig. II, 
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which is the unique feature of the apparatus. It consists 
of two three-inchJthrice tubulated bulbs , filled with glass 
pearls of about 2mm. diameter , These bulbs are connected 
with eaoh other and with the exterior, as shown , and are 
held rigidly in position by a wooden frame(not shown in 
f~gure), built in halves, to permit of easy removal and 
assembling of the parts . A small motor belted to a 
I 
pulley at one end of the wooden frame serves t~ rotate 
it and the contained bulbs. The glass tubes K, function 
as axles for the bulbs which rotate in journals of short 
glass tubing which are supported by clamps . The 
tubulutures M, closed by rubber stoppers are for the 
filling and emptying of the bulbs. To prevent the liquid 
from draining into the connecting tubes and cutting off 
the air passage, their ends are protected by perforated 
platinum cones N; and as the liquid runs down the side 
of the bulb, it is caught by the cone and drains toward 
the tip, while any liquid which gets back of the cone is 
prevented from entering the conducting tubes by extending 
them a short distance through the stoppers;not far enough, 
5 
however, to touch the cones . To form an ai r-tight 
donneotion with the rest of the apparatus while still 
allowing horizontal rotation of the saturater , use is made 
of mercury seals S, and thick-walled soft rubber tubing 
L, bent down through an angle of 90 degrees. This latter 
connects the tubes K with short pieces of glass tubing, 
P , fitting loosely over the glass tubing from the drying 
towers and absorption tube. These tubes P,are fitted 
with paraffined cork rings ' , which increase the distance 
from the water surface to the air surface inside the 
saturater, thus preventing the water from the thermostat 
creeping in by capillarity. The saturator, including the 
- mercury joints are supported by a single ringstand, thus 
enabling transference independently of the rest of the 
apparatus . bsorption of the water vapor from the 
saturated air takes place in a Schwarz Calcium Chloride 
tube (5'') , closely packed with small bits of pumice 
stone rolled in phosphorus pentoxide and kept in place 
by asbestos wool. A small absorption tube H is placed 
between this tube and the aspirator to prevent back 
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diffusion of water vapor . A rubber cap is fitted over the 
stopcock through which the saturated air enters so that it 
may be kept dry, though submerged in the thermostat , as is 
necessary to prevent partial condensation of the moisture 
before it reaches the absorption tube . The other stopcock 
is not submerged . The absorption tube is connected in 
by means of two flexible rubber connections which allo of 
its easy removal and replacement for the purpose of 
weighing. The aspirator consists of two calibrated bulbs, 
C and D, connecting interchangeably through the three-way 
cocks F and G, with the two eight liter bottles A and B. 
By this arrangement one bottle serves as aspirator while 
the other receives the drain from the bulbs. In this way 
the aspiration is made a continuous process since one bulb 
drains while the other is filling. This particular pair 
of bulbs were calibrated to take up 1135 ca . between the 
etched lines . at a temperature of 25°C, when allowed to 
drain for ninety seconds. Each bottle is fitted with a 
manometer V,and a four-way stopcock E placed between the 
bottles makes it possible to connect either one of them 
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with the air and the other with the saturating and 
absorbing train. A rubber stopper 0 fitted with a glass 
t ube is connected with a pressure regulator I, designed 
to preserve any desired constant exhaustion, thus 
regulating the speed of aspiration. The connection 0 
can be shifted from one aspirating bulb to the other. 
This disposition of the apparatus keeps the 
aspirator mater at the temperature of the thermostat, 
within narrow limits, thus making the temperature of the 
aspirated air and the vapor pressure of water, over which 
it collects, definitely fixed values. 
In conducting an experiment the bulbs of the saturater 
are filled about a third full with the liquid. The absorp-
tion tubes are arranged in pairs and both are suspended 
from the balance beam and the difference in weight taken 
accurately. The balance used permitted weighing to .03 
mg. but inasmuch as the apparent weight changed with small 
atmospheric changes in spite of tho greatest precautions 
it is thought best not to express the weighings closer 
than to 0.1 mg. The precautions given by Ostwald and 
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others f'r the accurate weighing of glass vessels were 
observed. The stopcocks are momentarily opened to 
equalize pressure conditions after the tubes have come to 
the temperature of the balance case, and obsertations are 
taken at intervals until two successive weighings are 
identical, usually within the course of an hour. The 
absorption tubes are used alternately for successive 
determinations and thus the two tubes are continually 
balancing each other, minimizing the errors resulting from 
changes of temperature, pressure and humidity. After 
accurate weighing, one stopcock is covered with the rubber 
cap and the tube is connected ·with the apparatus and 
submerged in the t hermostat. All connections between the 
saturator and the absorption tube are under the surface 
of tho water in the thermostat and hence no condensation 
of vapor is possible. AT first a slight condensation was 
noticed in the side arm of the absorption tube but this 
was remedied by warming it slightly before making 
connection. The saturater is now rotated at the rate of 
fo rty revolutions per minute by means of a small electric 
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motor. Suotion is applied through 'O' to one of the bulbs 
and water is drawn up from the bottle serving as the 
aspirator, thereby drawing air through the saturater . 
When this bul• is full it is allowed to drain into the 
other bottle and the suction is applied to the second 
bulb. Thia process may be repeated as long as desired. 
The diagram shows the stopoook turned so that 'C' is 
filling while 'D' is draining and by turning the 
stopcocks 'F' and 'G' through an angle of 90° to the left 
and changing the auction to ' D' , 'C' may be draining while 
'D' is filling . When one aspirating bottle is nearly 
vmpty, by turning the stopcock 'E' through a right angle 
t his bottle may be made to receive the drainings while 
t he other one acts as aspirator. In fillin~ a bulb the 
stopcock is not turned on until a slight vapor cloud 
forms , showing that a pnfllliat vacuum exists , and the bulb 
is filled about a millimeter above the upper mark because 
the au ction causes a contraction of the bulba ,equivalent 
to this excess volume. To facilitate rapid and certain 
manipulation of the stopcocks a mark is drawn across them 
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as a guide. When a determination is finished the 
absorption tube is not closed up and removed until the 
manometer indicates an equalization of pressure through 
the ~hole apparatus. It is necessary that the saturator 
and aspirator be immersed in the thermostat for at least 
three quarters of an hour before making a determination, 
so that they may come to the required temperature. 
The formula used in calculating the results is 
essentially that developed by Tamman, and is based on 
Daltons law of partial pressures. The terms used in the 
formula have the following significance: 
B Barometer reading corrected to 0°. 
M = Molecular weight of water = 18 .015 
D =Density of air at 0°, 760 mm. = .0012926 1 
V =Volume of air aspirated in cc. 
V = Vapor pressure of water at temperature of 
aspirator 7 25. 7 mm. 
{This value of ' ' is assumed as known from 
previous determinations. slight variation 
of a millimeter would make no appreciable 
difference in the final result~ less than .08 o/o) 
~, ~ ................................................... . 
1 According to most recent values, J.A.C.S. ~. 143. 
A = oleoular weight of air = 28.958 
H • Standard Barometric pressure = 760 
T =Temperature of aapirator(C 0 ) = 25°0. 
a = ooefficient of expansion of air - .003671 
B 
P = 1 + · .D.V. (B - P) 
A • W .H • ( 1 + aT) 
Several of these factors under the conditions of the 
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experiments are constant and many may be grouped under one 
constant 'K' . 
X: .. • D. 
A.H. (1 aT) 
So that the working formula simplifies to 
B 
P K . V. (B - P) 
1+ --- -----------
w 
Log K 3.98646-10 
To teat the efficiency of the saturating and absorbing 
parts of the apparatus, a nrunber of determinations were 
made on the vapor pressure of water at 25°0. The 
following table I shows the first results obtained by 
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Gutsche, in which the aspirating bottles were, as is 
customary, outside of the thermostat. They were calibrated 
for total volume and operated by a syphon. 
Table I. 
Temp. of Bar Press. Temp. of Weight of Volume 
Room. connected. Aspirating water absorbed. of Air 
to 0° Bottle. Aspirated 
in cc. 
21.65 736.7 21.55 .1958 8043 
20.85 739.0 eo.30 .1974 8lf0 
19.80 738.9 20.ao .2015 8400 
21.25 737.7 19.90 .1969 8121 
1 
19.65 738.8 19.40 1.3692 8456 
.......................................................... 
1 Preliminary determination on absolute ethyl alcohol. 
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Table I 6ontinued. 
Calculated Vapor Time of Aspiration. Number of 
Pressure. Experiment. 
25.55 10 1 
83.60 14 2 
23.30 55 3 
23.50 11 4 
58.47 21 5 
The next experiments, Table II, were made with the 
aspirating bottles submerged in the thermostat but the 
water was drawn off by a syphon into standard litre flasks 
and a measure of the volume of air aspirated thus obtained. 
Table II. 
No. Wt. o:f water aborbed Bar. Corrected Time of 
in Grams. to 0° Aspiration in 
Minutes. 
1 .1839 745.8 11 
2 .1819 734.4 29 
3 .182!9 737.l 47 
4 .1844 743.4 11 
5 .1834 734.3 11 
6 .1824 736.4 13 
7 .1840 736.4 12 
8 .1853 758.7 12 
9 .1844 735.7 ll 
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No • • t. of water abEorbed Bar. Corrected Time of 
in Grams. to 0°. Aspiration in 
1anutes. 
10 .1833 745.0 43 
11 ' .18?9 730.p 25 
12 .1842 > 738.8 23 
15 .1845 738.8 15 
Table II Continued. Calculated Vapor 
Volume of air Pressure. 
Aspirated. 
8000 23.73 
8000 23.45 
8000 23.59 
8000 23. '72 
8000 23.65 
8000 23.53 
8000 23.73 
8000 23.64 
8000 23.77 
8000 23.64 
7992 23.61 
8000 23.75 
8000 23.79 
In addition to the errors of volume introduced because 
Of the clumsy method of aspiration, a slow leak was 
later detected in one of the rubber connections which 
accounts for the lower values, especially of the longer 
time intervals. 
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In the following table, III, are the more accurate 
results obtained with the final form of apparatus as 
detailed above. All rubber connections are made of heavy 
walled tubing and wired , and the apparatus is tested by 
closing the first stopcock of the absorption tube and 
withdrawing some water from t ne aspirator. The manometer 
rises and is observed for several minutes and if the level 
in the manometer does not change, the apparatus must be 
air-tight. 
Table III.- Vapor Pressure of ater at 24.965°C. 
No. Wt . of water Barometer 
absorbed . corrected 
to 0°. 
1 .2344 737.3 
2 .2348 749.0 
3 .2349 745.1 
4 . 2350 746 • 
5 .2345 736.8 
6 . 2345 742.5 
7 .2349 740.7 
8 .2348 741.5 
.2352 741.5 
'*" Tem~erature, ~5°C. 
Volume of 
Air aspir-
ated in cc. 
10,215 
10,215 
10,215 
10 ,215 
10,215 
10,215 
10,215 
10,215 
Average 
10,215 
Time in Vapor 
minutes Pressure 
for expt. in mm. 
EO 
15 
15 
20 
14 
20 
lf 
23 
40 
23.67 
23.71 
23 .72 
23.73 
23.68 
23.68 
23.72 
23 .71 
23.70 
23 .75 
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The temperature in these experiments was maintained at 
25°, as read on a certified thermometer divided into 0.1° 
and esti~ated easily to .01°, calibrated in 1903 by the 
Reiohsantallt . By comparison with later standards this 
has since been found to read .035° toohigh. The above 
pressures then are for 24.965°C on the hydrogen scale. 
By interpolation(for such a small value this may be done 
very accurately) the vapor pressure obtained above (25.70) 
should be rai ed .05 mm. giving a value of 23.75 mm. for 
the vapor pressure of pure water at 25°C. Determinationa 
No . 9 was made at 25°C and the result checks exactl with 
the interpolated value. (the exact check is of course 
merely u coincidence). comparison with other observers 
shows this to be a very satisfactory result. 
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~ethod Temperature Pressure Observer. 
------
-----------
-------- --------
Dynamic 25 23.55 Regnault. 
Static 25 25.69 Holborn & Renning. 
Dynamic 25 23.76 Lincoln & 1.'1.ein. 
Dynamic 25 23.71 Krauskopf. 
*Mathemati-
cally inter- 2.5 !.21. 7S E:Kholtn 
polated . 
Dynamic 25 23.75 Derby & Daniels. 
The limits of error of observation allowable are fairly 
large, considering the amount of water evaporated in each 
experiment. A variation of .01 mm. pressure in the above 
results is approximately equivalent to an error of O.l 
mg. in weighing 7of 5 cc. in measuring the volume of air 
aspirated, of .007° in temperature or of one whole centimeter 
. 
. in the barometer reading. The extreme variation in the 
finaJ.,most reliable series of determinations is seen to 
be .05 mm. which is a smaller variation than is found in 
the results of any other users of the dynamic method. This 
agreement is considered especially satisfactory since 
most observers used much larger volumes of air, and 
.......................................................... 
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evaporated larger quantities of water. 
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s may be noted, 
the volume of water evaporated is equivalent to not more 
than five or six drops from an ordinary burette. 
The speed at which air becomes saturated with vapor 
has been considered by previous investigators and while 
several believed this to be a slow process and consumed 
days for a single determination , Lincoln ~nd Klein proved 
that a rate of at least 16 litres per hour was not too 
fast and Regnault stated that 25 liters per hour gave 
satisfactory results. The above experiments go farther 
and prove that air becomes completely saturated with 
water vapor in the saturater if run through as rapidly as 
. 
50 liters per hour,(Determination No. 7,Table III) and 
tijisis probably far from the maximum speed with the above 
described saturater. This establishes the efficiency of 
the saturater as weJl as also proving that absorption of 
water ~apor by phosphorus pentoxide is very rapid and 
complete. It is evident, then, that a determination may 
be made in a very short time , the most time being consumed 
in waiting for the absorption tubes to dome to constant 
19 
weight 1and this delay is avoided by having two or three 
sets of tubes. 
An important feature of the apparatus lies in the 
fact that varometric pressure is maintained throughout. 
Tihile it is true that a slight vacuum is caused by the 
resistance of the saturator to the passage of the air. 
this effect is corrected and neutralized by waiting a 
moment at the end of a determination till equilibrium 
is established as shown by the manometer. This is a 
distinct advantage over most previous apparatus in which 
air has been bubbled through the liquid for saturation 
or through sulphuric acid in the absorption tube.for an 
error or correction due to the hydrostatic pressure of 
the liquid is hereby avoided. 
In working with mixtures or solutions, the vapor 
pressure is not affected by change in concentration or 
cooling from evaporation because the volume of the 
solution is large and any slight lowering of the vapor 
' 
pressure due to causes in the first bulb are corrected 
for by the passage through the fresh liquid in the second 
bulb 1 in Which little eva oration takes place and hence 
a negligible cooling and change of concentration occur. 
The rotation, too, prevents the formation of layers of 
different concentrations and insures a thorough mixing of 
the liquid. In addition to the above mentioned advantages, 
the apparatus with the exception of the large thermostat, ) 
may be cheaply and simply made from materials available 
in any laboratory. 
The chief disadvantage of the apparatus lies in 
the fact that for a determination of each new liquid the 
saturator must be taken apart and the pearls removed, 
washed and dried, but with two saturators, this delay is 
reduced to a minimum. A little practice is necessary 
also to operate the stopcocks accurately and rapidly. The 
method too is hardly suitable for use with li uids of 
extremely high vapor pressures unless the absorbent is 
changed frequently. 
The apparatus here described is suitable for the 
measurement of vapor pressures not only of simple li uids 
but also of solutions and liquid mixtures , and at the 
present time it is being used for the determination of the 
e1 
vapor composition end partial pressures of ater mixtures 
~ith the various alcohols. 
very satisfactory apparatus for measuring vapor 
pressures has been devised and teated, of which the 
saturator has proved extremely efficient, and the 
aspirator accurate and convenient. 
Evidence is offered which sho s that air may be 
completel saturated with water vapor at the rate of at 
least 50 liters an hour in the above described saturat-
e~ 
The efficienc of phosphorus pentoxide as a very 
rapid absorbing agent is further established. 
One determination of the vapor pressure of absolute 
eth 1 lcohol at 25° has been made nd a pressure of 
58.47 mm . found. 
The value 23.75 mm. for the vapor pressure of water 
at 25° ha been obtained b this method. o 


